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ANALYSIS OF THE WIND-FIELD PATTERN I N  CYCLONES, USING TELEVISION 
PICTURES OF CLOUD COVER TAKEN BY THE "COSMOS-122" SATELLITE 

A. I:!Burtsev, T. P. Popova 
and 

L. A. Anekeyeva 

ABSTRACT. The s t r u c t u r a l  f ea tu re s  of cloud f i e l d s  i n  two 
cyclones with f i e l d s  of vertical air v e l o c i t i e s  and streamlines 
are compared. 

model [l]. It w a s  shownthat t h e i s o l i n e s  of zero vertical  velo- 
c i t ies  in  t h e  lower ha l f  of t h e  troposphere general ly  follow 
t h e  cloud s p i r a l s  and t h e  f r o n t a l  cloud bands, consis t ing 
mainly of s t r a t i f o r m  clouds. 
of v e r t i c a l  movements i n  the cyclone i s  t raced:  
descending movements from t h e  rear of t h e  cyclone are d i s t r i -  
buted behind a cold f r o n t  i n t o  the southern and c e n t r a l  p a r t s  
of the cyclone. 
follows the  development of t h e  vertical  ve loc i ty  f i e l d .  

The  system [3] f o r  ca lcu la t ing  the real d i s t r i b u t i o n  of  
t h e  wind i n  t h e  atmosphere w a s  used t o  p l o t  t h e  streamlines.  
It is shown that the cumuliform clouds i n  t h e  f r i c t i o n a l  l aye r  
are arranged along t h e  streamlines converging on the  center  
of t h e  cyclone. Above t h e  f r i c t i o n a l  l aye r ,  t h e r e  arises a 
s i n g l e  s p i r a l  of s t r a t i fo rm clouds, a11 c i r c l i n g  the  center  of 
the cyclone. It is pointed out  t h a t  t h e  zone of p a r t l y  cloudy 
weather between two cyclones coincides with t h e  l i n e s  of con- 
vergence of t h e  streamlines,  c l e a r l y  v i s i b l e  a t  the  500 mb 
level. 4 I l l u s t r a t i o n s ,  5 Bibl iographical  References. 

The vertical v e l o c i t i e s  were calculated on a seven-level 

The development of a f i e l d  
gradually 

The development of t h e  cloud s p i r a l  a l s o  

The development of a r t i f i c i a l  Earth satell i tes has opened up new pathways 

f o r  t h e  study of atmospheric processes and t h e  improvement of methods f o r  

analyzing and forecas t ing  t h e  weather. Televis ion cameras mounted aboard 

satellites allow a survey of cloud 

ate with important synoptic objects .  

cover over t e r r i t o r i e s  which are commensur- 

Unlike A d i s c r e t e  observations made from 

* Numbers i n  t h e  margin i n d i c a t e  t h e  pagination i n  t h e  o r i g i n a l  fore ign  text. 
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t h e  groundo photographs of cloud cover obtained from satellites have provided 

a clear p i c tu re  of the cloud systems of cyclones and atmospheric f r o n t s  as i- 
whole. 

wi th  s u f f i c i e n t l y  high r e so lu t ion  reveal s t r u c t u r a l  d e t a i l s  of cloud f i e l d s  

which it would be  t h e o r e t i c a l l y  impossible t o  obtain wi th  t h e  a i d  of ground' 

observations,  even i n  regions wi th  a dense network of meteorological s t a t ions .  

This f e a t u r e  of sa te l l i t e  observations of cloud cover allows add i t iona l  

information t o  be  obtained regarding atmospheric parameters which are present ly  

not  being measured from satellites. 

ana lys i s  of atmospheric processes above regions with a sparse  network of 

meteorological s t a t i o n s .  Even i n  those areas where th i s  network is s u f f i c i e n t l y  

dense, however, the intermediate  f ea tu res  of cloud f i e l d s  t h a t  appear i n  

t e l ev i s ion  p i c tu re s  can be  of s i g n i f i c a n t  a s s i s t ance  in  analyzing a synoptic 

s i t ua t ion .  

I n  addi t ion,  photographs of cloud cover made by t e l ev i s ion  cameras 

Such da ta  are important pr imari ly  f o r  t h e  

Data from satell i te observations of cloud cover found appl ica t ions  i n  the 

opera t iona l  a c t i v i t y  of many forecas t ing  sec t ions  immediately after t h e  

launching of the first meteorological satell i tes.  

s t u d i e s  have been made thus f a r  regarding the i n t e r p r e t a t i o n  and u t i l i z a t i o n  of 
t e l ev i s ion  p i c tu re s  of cloud cover. 

infancy, however, accumulating f a c t s  and analyzing some of them, An e x t r e n d y  

i n t e r e s t i n g  experiment is one involving photography of the cloud cover and 

measurement of the components of t h e  Earth 's  r ad ia t ion  balance using t h e  Soviet  

"Cosmos-122" satellite. 

provided a g rea t  many photographs of t h e  cloud cover above var ious regions 

of  the globe i n  d i f f e r e n t  synoptic s i t ua t ions .  

A number of i n t e re s t ing '  

S a t e l l i t e  meteorology is s t i l l  in its 

The t e l e v i s i o n  apparatus aboard t h i s  sa te l l i te  has 

One of these  series of such photographs i s  analyzed i n  t h i s  article. W e  

s e l ec t ed  as the objec t  of our inves t iga t ion  the cloud systems of two cylcones, 

one of which w a s  loca ted  above t h e  Central  Siber ian p la teau  when it  w a s  photo- 

graphed from t h e  "Cosmos-122", while  the o ther  was  above the West 

lowlands (Figure 1). 
Siberian __ /4 

The t e l ev i s ion  p i c tu re  of  t h e  cloud cover i n  t h e  v i c i n i t y  
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of these cyclones, shown i n  Figure 2 ,  provides a clear idea  of the s t r u c t u r e  

of the cloud f i e l d  i n  'd i f fe ren t  p a r t s  o f  the cyclones 123. The cloud systems 

of the warm and cold f r o n t s  of t he  cyclone above t h e  West Siber ian lowlands 

( l e f t  s i d e  of the p ic ture)  appear i n  the photograph as wide br ight  bands, 

located a t  A and B, respect ively.  

which envelops t h e  cyclone i n  a s p i r a l  along i ts  eas te rn ,  northern and western 

edges. 

mentioned b r igh t  bands, corresponds t o  t h e  p a r t l y  cloudy warm 

cyclone. 

A t  C these bands blend i n t o  a s i n g l e  band 

The dark por t ion  of t h e  p i c t u r e  (area D ) ,  bounded by t h e  two above 

s e c t o r  of t h e  

The uniform appearance of the p i c t u r e  i n  the northern p a r t  of the 

cloud s p i r a l  (area E) ind ica t e s  t h a t  s t r a t u s  clouds occur i n  t h i s  p a r t  of t h e  

cyclone. 

from w h i c h  there w a s  s ca t t e r ed  p rec ip i t a t ion .  

southern pa r t  of the s p i r a l  (area F) cons i s t s  of higher and thinner  clouds. The 

The da ta  from ground observations i n d i c a t e , t h a t  these  are As-Ns clouds, 

Judging from the p ic tu re ,  the 

banded s t r u c t u r e  of t h e  cloud cover i s  q u i t e  evident here. 

see cumuliform convective clouds, forming banks which converge in  s p i r a l s  on the 

I n  area G we can 

center  of the cyclone, forming a cloud vor tex  a t  poin t  1. 

photographed, this cyclone w a s  a l ready a high b a r i c  formation. 

occluded state, but t h e  thermal asymmetry w a s  a l ready q u i t e  

ground level, i n  the southeastern p a r t  of the cyclone, there w a s  still  a warm 

sec to r  bounded by the cold and warm f r o n t s  whose cloud systems are c l e a r l y  

evident i n  t h e  t e l ev i s ion  p ic tures .  

A t  t h e  time i t  w a s  

It w a s  i n  an 

advanced. A t  

The cloud system of the cyclone above t h e  Central  Siber ian p la teau  ( r igh t  

s i d e  of t h e  p i c tu re )  cons i s t s  of a broad band of clouds enveloping t h i s  cyclone 

i n  a s p r i a l  along i ts  eas te rn ,  northern and western edges. 

g igan t i c  s p i r a l  (area 0) w e  can see banks of low cumuliform clouds which con- 

verge on t h e  cen te r  of t h e  cyclone near  t h e  ground a t  point  2,  forming a cloud 

vortex.  

the cyclone (area J) ind ica t e s  t h a t  t h e  clouds i n  t h i s  p a r t  of t h e  cyclone are 

pr imar i ly  s t r a t u s .  The cloud band narrows s i g n i f i c a n t l y  a t  t h e  northern edge 

of t h e  cyclone (area K);  t h e  sur face  of t h e  Earth is v i s i b l e  between t h e  indi-  

v idua l  cloud formations. 

sists of clouds on two levels. Here t h e  convective clouds of the rear of t h e  

Within t h i s  

The uniformity of t h e  p i c t u r e  of t h e  cloud band a t  t h e  eas t e rn  edge of 

The western pa r t  of t h e  cloud s p i r a l  (area L) con- 
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cyclone can b e  seen at some places  through t h e  comparatively t h i n  clouds a t  t h e  

middle and upper levels. A second cloud vortex appears at  poin t  3. 

Data from ground observations and temperature-wind soundings i n d i c a t e  t h a t  

the cyclone i s  already occluded. 

bottom, becoming an ind iv idua l  cyclone i n  t h e  trough of t h e  deeper cyclone 

above the West Siber ian lowlands. 

cu la t ion  of the air  i s  s t i l l  re ta ined  i n  the upper and middle troposphere. 

It has almost been pinched off  a t  t h e  

A c l e a r l y  pronounced closed cyclonic cir- 

The inves t iga t ions  t h a t  have been performed s o  far  ind ica t e  t h a t  t h e  macro- 

and mesoscalar f ea tu re s  of cloud f i e l d s  are c lose ly  r e l a t e d  t o  the  wind f i e l d  

streamlines.  be i n t e r e s t i n g  i n  t h i s  regard t o  compare t h e  s t r u c t u r a l  

f ea tu re s  of the cloud f i e l d s  described above i n  these  two cyclones wi th  t h e  

f i e l d  of vertical v e l o c i t i e s  

It would 

of t h e  a i r  and t h e  wind-field s t reamline pa t te rns .  

Figure 3 shows charts of t h e  v e r t i c a l  v e l o c i t i e s  .at t h e  775, 600 and 400 ,& 
mb levels, ca lcu la ted  w i t h  a seven-level model [l]. If w e  compare t h e  dis- 

t r i bu t ion  of vertical v e l o c i t i e s  a t  these  levels wi th  a cloud-cover char t ,  

w e  w i l l  see that the i s o l i n e s  of zero v e r t i c a l  ve loc i ty  i n  t h e  lower ha l f  of 

t h e  troposphere follow the cloud s p i r a l s  and f r o n t a l  cloud bands q u i t e  closely-. 

The lat ter cons i s t s  mainly of  s t r a t i fo rm clouds. 

s t r u c t u r e  i n  ind iv idua l  p a r t s  of t h e  cyclones are a l s o  r e f l ec fed  i n  t h e  f i e l d  

of vertical ve loc i t i e s .  

- 

Several f ea tu re s  of cloud 

Note that the d i s t r i b u t i o n  of v e r t i c a l  v e l o c i t i e s  i n  both cyclones, at  

d i f f e r e n t  s t ages  of development, ,agree with t h e  t y p i c a l  d i s t r i b u t i o n  of t h e  

vertical v e l o c i t i e s  i n  cyclones which was given i n  [4]. 

I n  the left-hand cyclone, which is  i n  an occluded state, t h e  d i s t r i b u t i o n  

of vertical  ve loc i ty  ind ica t e s  a process of development still i n  *progress. 

The focus of ascending movements, located i n  t h e  lower l aye r  of t h e  tropo- 

sphere near  the center  of the cyclone, s h i f t s  t o  the forward p a r t  wi th  

height.  The rate of ascending movement increases w i t h  height ,  reaching a 

6 



Figure 3. D i s t r ibu t ion  o f  vertical ve loc i ty  (m/sec) a t  0300 hours 
(Moscow t i m e ) ,  25 Ju ly  1966, 
(c) 400 mb. 

(a} A t  the 755 mb surface;  (b) 600 mb 

maximum a t  a height  of approximately 7 km. A t  this height ,  t h e  pos i t i on  of 

the center  of t h e  focus of r i s i n g  movement coincides with th8 pos i t ion  of that 

p a r t  of the cloud s p i r a l  composed of s t r a t u s  clouds that have undergone 

considerable vertical development. 

The area of descending cu r ren t s  i n  the lower ha l f  of the troposphere is at / 8  
c ,  

the rear of the cyclone, i n  i t s  southwest 'sector,  

remain here  only i n  the upper ha l f  of the troposphere, w h i l e  an intensive 

development of acumuliform convective clouds is observed below. 

Degenerate s t r a t i f o r m  clouds '- 

It should be mentioned thac, although t h e  zero i s o l i n e  of vertical ve loc i ty  

genera l ly  follows the configurat ion of the cloud s p r i a l ,  we  have no t  observed 

7 
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complete coincidence of the limits of the bands of s t r a t i f o r m  clouds and the . 
i s o l i n e s  of vertical speed, as w e  would expect. This f a i l u r e  t o  agree i s  most 

markedly v i s i b l e  i n  area G, where cumuliform clouds of convectionoccur i n  a 

region of r a the r  considerable ascending movement. 

appear i n  regions wi th  descending ordered movement, which agrees w i t h  t h e  re- 

s u l t s  obtained i n  [5]. 
unstably s t r a t i f i e d  cold air  i s  an order of magnitude g rea t e r  than t h e  speed 

of t h e  ordered ascending cur ren ts  that arise due t o  t r a n s i e n t  conditions.  

The superposi t ion of certain vertical cur ren ts  on o the r s  creates a complex 

f i e l d  of vertical ve loc i ty  w i t h  considerable  hor izonta l  gradients.  

a l s o  r e f l ec t ed  i n  t h e  s t r u c t u r e  of the cloud cover. 

w e  can see the 

clouds are rather randomly d i s t r ibu ted ,  we  can see a , l i g h t  tendency toward a 

s p i r a l  curvature  even here. Somewhat t o  the south, where the ordered ascending 

cur ren ts  slacken and convection is of prime importance, the bands.of cumuliform 

clouds have a more cor rec t  s p r i a l  shape. 

Convective clouds a l s o  

The speed of the convective cur ren ts  formed i n  

This is 

A t  area G i n  the p i c t u r e  

accumulation of l a r g e  cumuliform clouds. Although the 

The i s o l a t e d  focus of ascending cur ren ts  i n  the southern pa r t  of the warm 

f r o n t  i nd ica t e s  a process of wave formation in  this f ron t .  

wave a t  this loca t ion  turned i n t o  a s m a l l  but  c l e a r l y  evident cyclone i n  the 

days t h a t  followed, with a c h a r a c t e r i s t i c  s p i r a l  s t r u c t u r e  of t h e  clouds. 

A.weakly formed 

The d i s t r i b u t i o n  of the vertical ve loc i ty  i n  the right-hand, a l ready 

occluded cyclone ind ica t e s  its having been pinched o f f .  

descending i n  t h e  entire c e n t r a l  por t ion  of the cyclone. 

is observed only at  the south eas te rn  edge. Here, however, the cloud s p i r a l  

has its m i n i m u m  width and cons i s t s  of clouds t h a t  extend a considerable dis-  

tance v e r t i c a l l y .  A process of s c a t t e r i n g  and erosion of t h e  clouds is 

evident i n  t h e  o the r  p a r t s  of t h e  cloud s p r i a l .  

The motion is 

The weak rise of a i r  

The d i s t r i b u t i o n  of vertical v e l o c i t i e s  a t  the 775 mb level ind ica t e s  

t h a t  the movement is descending i n  the lower l a y e r , o f  the troposphere i n s i d e  

t h e  cloud s p i r a l ,  where only cumulus and altocumulus clouds are seen. 



Using the example of these two cyclones, we see the evolution of the f i e l d  

of vertical  cur ren ts  i n  the cyclone i n  the  course of i t s  development. 

gradual ly  descending cur ren ts  from t h e  rear of the cyclone spread out  behind 

the main cold f ron t  i n t o  its southern and c e n t r a l  par t s .  The development 

of t h e  cloud s p i r a l  a l s o  proceeds i n  accordance wi th  t h e  development of t h e  

f i e l d  of vertical currents .  

The 

I n  addi t ion  t o  t h e  vertical component of a i r  cur ren ts ,  another important 

c h a r a c t e r i s t i c  of t h e  f i e l d  of wind cur ren ts  i s  t h e  wind-field pa t te rn .  

comparison of the wind-field pa t t e rn  with t h e  b a r i c  f i e l d  w i l l  show t h a t  a l l  

well-developed cyclones have t h e i r  wind-field pa t t e rns  arranged i n  vor t ices .  

An ana lys i s  of a grea t  many p ic tu re s  of t h e  cloud cover, obtained from satellites, 

w i l l  show t h a t  t h e  d i r ec t ion  of t he  s p i r a l  cloud bands i n  t h e  cyclones coir-  

esponds wi th  the  d i r ec t ion  of t h e  wind-field pa t te rn ,  at  those heights  at  

A 

.-c / 9  
which t h e  clouds are located.  

characteristics of t h e  flow f i e l d .  

i n  quest ion at th ree  levels ( f r i c t i o n a l  l aye r ,  500 and 300 mb) are shown i n  

Figure 4 . 

The wind-field p a t t e r n  s p i r a l s  depend on t h e  

The wind-field pa t t e rns  f o r  t h e  cyclones 
I 

To p l o t  the wind-field pa t t e rns  i n  this paper, w e  have used a system 131 
which takes  i n t o  account the a c t u a l  wind d i s t r i b u t i o n  in  space. 

wind-field pa t t e rns  were ca lcu la ted  on b a s i c  i soba r i c  surfaces .  

The plane 

In both cyclones, the wind-field p a t t e r n  converges i n  s p i r a l s  on a 

s i n g l e  poin t ,  the poin t  of convergence, which coincides  with the center of a 

cyclone near  t h e  ground. 

In t h e  right-hand cyclone t h e  banks of low cumuliform clouds behind t h e  

I n  t h e  zone of t h e  cold f r o n t  are arranged along these  wind-field pa t te rns .  

cold f ron t ,  cur ren ts  of warm 

convergence. 

and cold a i r  .- - converge along t h e  l i n e s  of 
r 

9 



Figure 4 .  Wind-f i e i d .  pa t t e rn  streamlines- a t .  0300 hours (Moscow time), 
25 July 1966. 
(c) 300 mb. 

(a) i n  f r i c t i o n a l  layer ;  (b) at  the 500 mb surface; 

In  the  left-hand cyclone, i n  the v i c i n i t y  of t he  center  near t h e  Earth, 

w e  can also see banks of cumuliform clouds arranged along the  l i n e s  of con- 

vergence i n  the  f r i c t i o n a l  layer ,  

!+ , . .  
The d i rec t ions  of t he  l i n e s  i n  the  wind-field pa t t e rn  change wi th  height 

i n  both cyclones. 

of the  cyclones is  retained a t  t h e  850 and 700 mb levels. 

however, w e  can see  a c l e a r l y  pronounced divergence of the  wind-field pa t t e rn  

l i n e s  with r e t en t ion  of cyclonic curvature. The point of divergence of t h e  

wind-field pa t t e rn  streamlines i n  both cases coincides wi th  the  center  of t h e  

The convergence of the  wind-field pa t t e rn  on the  centers  

A t  the  500 mb l e v e l ,  

/10 
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cyclone a t  t h i s  l eve l .  The curvature  of t h e  western arm of the  cloud s p i r a l  

i n  t h e  right-hand cyclone and t h e  formation of a second cloud vor tex  are t h e  

r e s u l t  of air  c i r c u l a t i o n  a t  a height  of 5 t o  6 km near t h e  upper l i m i t  of 

t h e  clouds forming this a m  of t h e  s p i r a l .  

The cloud bands, cons is t ing  of middle-level clouds, a r e  loca ted  approxi- 

mately along t h e  wind-field p a t t e r n  l i n e s  a t  t h e  700 and 500 mb levels. 

Our a t t e n t i o n  i s  drawn t o  the  exis tence of a divergence of t he  wind-field 

p a t t e r n  l i n e s  near  the  point  of occlusion i n  the  left-hand cyclone. 

divergence is  seen i n  t h e  right-hand cyclone at t h e  south eas t e rn  edge. 

it is already d i f f i c u l t  t o  trace the  point of occlusion, s ince  the  occlusion 

process is p r a c t i c a l l y  complete already. A warm trough is still extant a t  
high l e v e l s ,  however. 

The same 

Here 

The area of p a r t l y  cloudy weather between two cyclones coincides with t h e  

l i n e s  of convergence of the wind-field pa t te rn ;  this is espec ia l ly  evident a t  

t h e  500 mb level. 
I 

- 

The d i r ec t ion  of t h e  wind-field pa t t e rn  s t reamlines  i n  cyclones changes 

once more i n  t h e  l aye r  from 500 t o  300 mb. A t  t h e  300 mb sur face ,  t h e  stream- 

l i n e s  again converge on t h e  centers  of t he  cyclones at  these  heights .  

zones of divergence a t  t h e  peak of t h e  warm trough a t  t h e  point  of occlusion 

are re ta ined  a t  t h i s  sur face ,  and t h e  zone of convergence between t h e  two 

' 

I 

1 
I 

The 

cyclones is  a l s o  re ta ined .  1 

The bands of high clouds loca ted  i n  t h e  upper ha l f  of t h e  troposhere i n  
I 

t h e  left-hand cyclone are or ien ted  along t h e  s t reamlines  a t  t h e  300 mb sur face ,  

Note the  ex is tence  of s i g n i f i c a n t  d i f fe rences  i n  t h e  s t r u c t u r e  of t he  

s t reamlines  i n  t h e  wind-field pa t t e rn  a t  t h e  i s o b a r i c  300 mb sur face  i n  both 

cyclones, I f  t h e  s t reamlines  i n  the  right-hand cyclone c o n s t i t u t e  a family 
- _  c - __._ - - -____ ._ . - - __ - - 
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of spirals converging on one point, similar to the spirals in the 
layer, the streamlines in the left-hand cyclone will form one continuous 
spiral e 

frictional 

The structural differences in the streamlines in the cyclone will also 
cause differences in the structure of the cloud spirals. 
liform clouds in the frictional layer constitute a family of spirals converging 
on one point. 

The banks of cumu- 

Above the frictional layer, one common spiral of stratiform 
clouds converging on the center develops in the cyclone. 

If the streamlines in the wind-field pattern have the form of a family of 
spirals even in a free atmosphere, the cloud bands will obviously be identical 
to them. 
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